Introduction
Most of the important questions regarding evolutionary tempo and mode require historical data for their solution, and it is axiomatic that in order to approach the level at which selection operates we need a dense fossil record, preferably from a restricted geographic region. The Meade Basin of southwestern Kansas has long been known for its representation of late Neogene and Quaternary mammalian faunas, stemming primarily from the field and systematic work of the late C. W. HIBBARD and his students (summarized in MARTIN et al. 2000 and ZAKRZEWSKI 1975 ; Fig. 1 ). Since 1997 a renewed field exploratory program in the basin has resulted in the discovery of many new fossil localities and small mammal local faunas (local faunas are defined here as fossil assemblages recovered from single quarries or a combination of quarries at the identical stratigraphic level). The Meade Basin record is unique in the New World, not only because of its richness through at least the past five million years, but also because the fossil localities occur in an area less than 50 km 2 . Consequently, the Meade Basin sequence of fossil faunas samples a limited set of related habitats. The focus of this study is the archaic arvicolid rodent Ogmodontomys.
Ogmodontomys has been recovered from sediments in the Meade Basin that span most of the Pliocene. Its earliest appearance is as O. sawrockensis from the Saw Rock Canyon local fauna (l.f.) at the base of Saw Rock Canyon (HIBBARD 1957) , below a regional stratigraphic unit in southern Meade and Seward Counties we informally call the Bishop gravel. This fauna is considered earliest Pliocene (early Blancan; North American Land Mammal Age), at perhaps 4.7 Myr (millions of years ago) (MARTIN et al. 2002) . Ogmodontomys poaphagus was named by HIBBARD (1941) for a more advanced species occurring in Blancan localities stratigraphically near the top of and overlying the Bishop gravel (ZAKRZEWSKI 1967; MARTIN et al. 2002) . ZAKRZEWSKI (1967) (MARTIN et al. 2000 (MARTIN et al. , 2002 HONEY et al. 2005) . Some of these are rich in small mammals and include many Ogmodontomys specimens. Our stratigraphic hypothesis for these faunas is presented in Fig. 1 . MARTIN et al. (2006) recently reported details of the Schmelzmuster (KOENIGSWALD 1980) in O. poaphagus M1s (first upper molars) from some Meade Basin Blancan sites. They found a consistent pattern composed of radial enamel on the leading and radial and tangential enamel on the trailing edges of all specimens, and also noted changes in the relative development of tangential enamel from early through late Blancan samples. In particular, the proportion of radial enamel and discrete (primitive) tangential enamel decreased on the trailing edges through time, with the discrete layer replaced by well-developed tangential enamel. This paper also documented the presence of discrete (primitive) lamellar enamel in a large percentage of triangles in Ogmodontomys from the Fallen Angel B l.f. The absence of discrete lamellar enamel in molars from the Fox Canyon l.f. shows conclusively that the Ogmodontomys population from Fox Canyon could not have descended directly by phyletic change from the Fallen Angel B Ogmodontomys. This is critical information regarding the evolutionary dynamics of Ogmodontomys in the Meade Basin, and helped lead us to our current conclusions regarding the taxonomic status of O. sawrockensis and O. poaphagus. MARCOLINI et al. (2006) also examined variation in the linea sinuosa (the lateral enamel-dentine junction (RABEDER 1981) and the occlusal pattern of the first lower molar (m1) in a number of Ogmodontomys samples from the Meade Basin by Fast Fourier Transform analysis. Hierarchical Cluster Analyses of the harmonics of both character complexes demonstrated a separation of specimens classically considered to be O. sawrockensis from those of O. poaphagus. Nevertheless, the Fox Canyon sample appeared to be intermediate in most features, suggesting that O. poaphagus might have arisen from O. sawrockensis through phyletic change. These results, plus the new Ogmodontomys material from many sites, prompted us to complete another study of variation in m1 occlusal morphology using traditional univariate and multivariate approaches. It has been known for many years that the m1 is the most useful molar in arvicolids for systematic and evolutionary studies, and size of the m1 is additionally highly correlated with body mass (MARTIN 1996) . While changes in the m1 cannot be used to infer modifications elsewhere in the arvicolid body, they are considered here as general proxies for such changes. A significant change in m1 morphology, particularly one that involves a change in shape, is treated here as a change equal to a shape change anywhere in arvicolid anatomy. One can certainly challenge if such changes are equivalent, for example, to allometric shifts in overall body or skull proportions, or if they have an effect on fitness, but we assume that structures associated with energy processing are critical to species fitness, and therefore are as important as any other anatomical components. 
Materials and methods
Chro no log y o f t he Mea de Ba s in s e qu e n ce: The stratigraphic positions of all of the local faunas and the quarries from which they were derived are known and have been determined by careful field mapping over the past ten years. Their positions relative to each other in the stratigraphic column, with the possible exception of Wendell Fox Pasture, is not in question. Much of this work has been described (MARTIN et al. 2000 (MARTIN et al. , 2002 (MARTIN et al. , 2003 HONEY et al. 2005; MARTIN et al. in press a) . A detailed description of stratigraphic relationships of quarries in the classic Rexroad Loc. 3 area is in preparation by J. HONEY, P. PELÁEZ-CAMPOMANES and R. MARTIN. One of the important results of this study, noted by MARTIN et al. (2003) is that Rexroad Loc. 3 lies above the Wolf gravel (see below) and therefore lies above, rather than below, Bender 1B. In this treatment the reader will find the names "Wolf gravel" and "Bishop gravel." These are new, informal names for important geological units that we have mapped in our recent fieldwork. These gravels may be either unconsolidated or consolidated into distinct ledges. Their definition (relative to earlier named units, such as the "Meade" and "Angell" gravels; see MARTIN et al. 2002 ) and distribution will be described at another time and their relative positions are illustrated in Fig. 1 . The paleomagnetic (pmag) information has been accumulating for a few years through the field and lab work of B. ALBRIGHT, E. LINDSAY and N. OPDYKE. Detailed information for sediments near and above the Huckleberry Ridge ash is in press (MARTIN et al. in press a), and other results are incorporated in Fig. 1 . The combination of pmag, radioisotopic dates and biostratigraphic information above the Huckleberry Ridge ash provides a very refined chronology for the past two million years. The absence of datable ashes and an incomplete pmag record for sediments below the Huckleberry Ridge ash means we must rely more heavily on biostratigraphic correlations for some of these older sediments.
We choose not to digress here with an elaborate discussion of the phylogeny of early cricetid and arvicolid rodents which makes up the backbone of these correlations. Much of this information is available in the literature (MARTIN 2003; HONEY et al. 2005; FLYNN et al. in press; MARTIN in press; in press a). Instead we will here synthesize the salient points, as follows: 1) pmag and radiosotopic dates identify the Hemphillian-Blancan boundary in the Panaca Formation of Nevada at 4.98 Ma (LINDSAY et al. 2002 ). An LSD (lowest stratigraphic datum) for Ophiomys (= Mimomys) panacaensis is given as C3n.3r of the GPTS, between 4.98-4.89 Ma, 2) the dental morphology of Ogmodontomys sawrockensis from the Saw Rock and Saw Rock 1 l.f.s is very similar to that of Ophiomys panacaensis and, while both the schmelzmuster and the occlusal patterns demonstrate some differences, we assume that they are closely related and, along with Ophiomys mcknighti (GUSTAFSON 1978) (HONEY et al. 2005) , all of which are from magnetically reversed sediments, appear to represent a distinct segment of early Blancan time. They all include Ogmodontomys poaphagus and may also include one of two species of cotton rats (HONEY et al. 2005) . 5) The Fox Canyon l.f. was recovered from fine sands at the top of the Bishop gravel ( Fig. 1) , overlying the sediments that produced Ogmodontomys sawrockensis. The Fox Canyon l.f. includes archaic Ogomodontomys poaphagus (ZAKRZEWSKI 1967; MARTIN et al. in press b) While there is certainly a chance that this block of faunas could be associated with the upper part of the Gilbert and the lower part of the Gauss chron, rather than lying solely in the Gilbert, this set of faunas is more similar to each other and to assemblages from Arizona (San Pedro Valley; LINDSAY et al. 1975; TOMIDA 1987; CZAPLEWSKI 1990) assigned to this period than to those of the earliest Blancan. Indeed, taxa such as Pliolemmus, Nebraskomys, Pliophenacomys primaevus and Ondatra zibethicus/ meadensis are characteristic arvicolids of middle and late Blancan time wherever they are found (MARTIN 2003) . None have been found in association with Sigmodon holocuspis. Pliophenacomys finneyi of the Fox Canyon l.f. is of a more primitive dental grade than P. primaevus from Rexroad Loc. 2.
Below, we comment further on the specific localities from which we measured Ogmodontomys specimens for this study:
Paloma (PAL) -This is a newly discovered local fauna excavated from a single quarry, MSU-7-03, near the top of the Rexroad Formation in central Meade County. It is currently considered to be equivalent to the Hart Draw l.f. (locality UM-K2-57; ZAKRZEWSKI, 1967) on the former Big Springs Ranch. Estimated age = 2.8 Ma.
Rexroad Locality 2A (RR2A) -Rexroad 2 and 2A (2a in HIBBARD, 1938) are isolated quarries in the same pasture separated by about 100 m of prairie. Because Pliophenacomys primaevus has been recovered from Rexroad 2 and not from 2A, Rexroad 2 is considered to be slightly younger than Rexroad 2A. The sediments at RR2A are palaeomagnetically reversed and our current interpretation is that RR2A was deposited during the Kaena reversal of the Gauss chron, perhaps 3.05 Ma.
Deer Park (DP) -Deer Park includes two superposed levels, DPA and DPB. HIBBARD (1956) excavated and described the mammals from DPA, and MARTIN et al. It is clear from the preservation of fossils we have exhumed in our recent sampling at this locality that HIBBARD's collections, from which we took our sample, were excavated exclusively from the lowest unit, a yellowish silty sand. We identify this horizon as Rexroad 3A, to distinguish it from superposed units of different lithology. We are currently sampling through the exposure, and a detailed stratigraphic revision for this site will be described elsewhere. Recent mapping in the area of this locality shows that Rexroad Loc. 3 lies above the Wolf gravel. The 3A level is bracketed by normal palaeomagnetic signals (LINDSAY et al. 1975; and new, unpublished data) , and we interpret this result to imply deposition during the Gauss chron. Estimated age = 3.2 Ma.
Wendell Fox Pasture (WFP) -This is a rich Blancan locality in the Rexroad Formation (UM-K3-53; see ZAKRZEWSKI, 1967) , located within 0.5 km of Rexroad Loc. 3. ZAKRZEWSKI (1967) described Ogmodontomys poaphagus molars from this site. We have not yet found geologic markers in the area to unequivocally determine its stratigraphic position relative to RR3, but based on a species list taken from the University of Michigan Museum of Paleontology catalog and our fieldwork, WFP is likely slightly older than RR3 and therefore probably was deposited before the Wolf gravel was laid down. Estimated age = 3.25 Ma. Wiens (W) and Vasquez/Newt (NLS) -These local faunas and quarries are found between two regional geological calcium carbonate marker beds, CC1 and CC2 (Fig. 1) along the north bank of the Cimarron River (HONEY et al. 2005) . Wiens (MSU-1-98) is composed of four superposed units, A-D, approximately 1.0 m in total thickness on a ridge in Alien Canyon. Vasquez and Newt (MSU-6-99) lie between CC1-CC2 in East of Alien Canyon, less than 0.25 km from Wiens. Vasquez is characterized by a fine, light tan sandy silt. Its thickness is unknown, though we have taken samples down to about 20 cm. It is separated from Newt by a small ravine, and it is very likely that both were connected and represent part of the same depositional, probably spring, sequence. Newt is subdivided into a lower white flour sand (NLS) and an upper bed of sandy silt like that at Vasquez. The lower unit is approximately 10 cm thick and the upper 20 cm. Estimated age = 4.30 Ma.
Ripley B (RIP) -This local fauna was recovered from a single quarry, MSU-7-99, in southern Meade County, along the north bank of the Cimarron River in East of Alien Canyon (HONEY et al. 2005) , below CC1 ( Fig. 1) and, based on field measurements, also below the level that produced the Keefe Canyon and Raptor 1C local faunas. There are two levels at this site. Level A is composed primarily of a yellow-green sand and includes abundant gastropods. It contains sparse vertebrate fossils. Level B is a dark brown organic layer with few gastropods and copious vertebrate remains. Ripley lies above the Bishop gravel and below the Wolf gravel, lower in the sequence than Hornet (confirmed also by faunal comparisons; MARTIN et al. 2000) . Estimated age = 4.35 Ma.
XIT -Mammal fossils were recovered from two superposed series of quarries just south of the Cimarron River on the XIT Ranch (MSU-4-98). The sites are located within a small depression of less than 100 m in lateral scope. Vertical displacement of the sites is < 5 m. The Ogmodontomys molars for this study were taken from collections made at XIT 1B and XIT 2B. The sediments at XIT 2B lie directly beneath CC1 and are magnetically reversed. Those from XIT 1B are stratigraphically lower and may be equivalent in age to Ripley B. Estimated age of XIT 1B is 4.35 Ma; of XIT 2B is 4.3 Ma.
Fox Canyon (FC) -This name applies to a single local fauna and its quarry, UM-K1-47, and to the canyon within which it is found. The sample we measured was collected by HIBBARD (1950) from UM-K1-47, and we have confirmed the stratigraphic position of the quarry within a sandy lens near the top of the Bishop gravel. Magnetic polarity of the sediments is reversed (LINDSAY et al. 1975 ) and faunal comparisons suggested to MARTIN et al. (2000; that FC was deposited during the Gilbert magnetic chron, at about 4.45 Ma.
Fallen Angel B (FAB) -The Fallen Angel B l.f. was excavated from a light brown silty lens with numerous mollusks directly beneath the Bishop gravel at the top of a small canyon less than 0.25 km east of Saw Rock Canyon, Seward County. This mollusk-rich unit has also been identified under the Bishop gravel in Saw Rock Canyon. Therefore, it lies beneath UM-K1-47 (source of the Fox Canyon l.f.) and above the source of the Saw Rock Canyon l.f. Horizon B is a thin collecting layer of less than 0.10 m with a higher proportion of vertebrate remains than other levels in the quarry, the total of which is approximately 1.0 m in vertical height. Estimated age = 4.65 Ma.
Saw Rock Canyon and Saw Rock Canyon 1 (SRC) -We have not been able to find the original Saw Rock Canyon collecting locality for HIBBARD's sample of Ogmodontomys sawrockensis, and it is likely covered by slumped earth. However, we have opened another quarry, Saw Rock Canyon 1, at the base of the canyon, near the reported source of SRC. We feel confident it is at the same stratigraphic level as Hibbard's locality. The fauna recovered thus far from the Saw Rock Canyon 1 quarry is consistent with this conclusion, as is the morphology and size of Ogmodontomys molars from both sites. Our SRC Ogmodontomys sample represents a combination of specimens from both quarries. Estimated age = 4.7 Ma. Samp l es: Ogmodontomys first lower molars examined for this study were from existing collections of individual molars and mandibles housed at the MARTIN et al. 2000) . The latter are catalogued in the Sternberg Museum, Fort Hays State University. Individual specimen descriptions and numbers are available upon request. The samples were chosen because at least five adult Ogmodontomys m1s were available for study. In the Discussion section we provide additional data from five collecting localities/local faunas from which, individually, we recovered less than five m1s; Rexroad Loc. 2A, Wiens, Newt and XIT 1B and 2B. Their stratigraphic positions were discussed above and are noted in Fig. 1 Fig. 3 and Appendix I). We measured only m1s we classified as adult (Fig. 4) . First lower molars from juveniles can be recognized by the following characters: 1) thin enamel on occlusal surface, 2) distinctly trapezoidal shape from buccal or lingual view, and 3) heavily crenulated anterior cap. We also rejected very worn molars, referred to as "senile" in the literature, if wear cut through the top of the linea sinuosa, exposing dentine tracts in occlusal view. This is a definition that only applies to archaic species with low dentine tracts, as in many arvicolid lineages these tracts may be very high in young animals. A few new measurements were added to reflect the unique morphology of Ogmodontomys ( Fig. 3 and Appendix I). All measured samples were first compared by ANOVA (Analysis of Variance), followed by Scheffe's post-hoc test. We use the Scheffe test, in part, because it is a conservative multiple comparison test and also because it provides, with the Homogeneous Subsets, a method that aids in interpretation by grouping those samples for which mean values are most similar. We also ran a Hierarchical Cluster Analysis (HCA) comparing the squared Euclidean distances between the means of all measurements. Secondarily, we combined all samples of O. sawrockensis and O. poaphagus and ran Student's t-tests between them. Statistical testing was done with SPSS 11.1 and Excel. An alpha level of 0.05 was assumed in all cases.
Qualitative features were also examined. We recorded the presence or absence of enamel atolls (sometimes called "islets") in the anteroconid of m1s we identified as from juveniles and young adults. After moderate wear, the atoll disappears in all Ogmodontomys m1s, and therefore the presence of this plesiomorphic character must be tallied only in the same early wear stages. Young adult m1s were identified by the following features: 1) relative little wear (high crowns from buccal or lingual view), 2) presence of Mimomys-kante, and 3) at least a hint of crenulations on the anteroconid.
Measurements were taken with an AO measuring micrometer attached to an AO stereomicroscope. The micrometer was calibrated with a 2.0 mm micrometer slide and measurements were multiplied by the appropriate conversion factor. 
Results
The p ri mar y ana ly s is : Measurements for all variables are summarized in Appendices II and III. Fig. 5 presents the mean and 95 % confidence limits for all measurements that were identified as statistically significant by ANOVA. Two specimens, FHSM VP15005 from HOR and FHSM VP14964 from FAB, are disproportionately large in certain measurements and contribute to the extremes of variation for their samples shown in Fig. 5 . FHSM VP15005 is an ano- malous m1, with a very short LRA3, as a small enamel atoll appears at the base of the acd in the normal position of the apex for this reentrant. This is not an atavism, but a secondary development of an atoll; a piece of the enamel border of LRA3 that became isolated during development. This results in an unusually large V24 data point and associated IAT4T5 ratio. FHSM VP14964 is simply a large m1 with an enlarged acd as compared with others from FA. The linea sinuosa on this m1 is very low, so the possibility of contamination can be dismissed.
Following the results of the ANOVA, eight variables and one index demonstrate stasis. Significant changes were found within the histories of five variables and three indices. However, the absence of Homogenous Subsets in some of these variables (V24, IAT4T5, RAL, LW, V6) leads us to conclude that the statistical significance was borderline or, as in the case of V6 (m1 length), an example of brief significant change within a longer period of overall stasis. V6 shows a pattern of increasing size from Saw Rock Canyon through Ripley time, followed by stasis through much of the Blancan, and then a decrease in size from Deer Park to Paloma. We consider the evolution of the correlate of V6, body mass, in the Discussion section, where we will also introduce additional data from other localities with small sample sizes.
Results for the Scheffe's Homogeneous Subsets for variables V31, V34 and V35 are presented in Table 1 . Variables 31 and 35 identify shifts in the widths of dentine fields connecting T3-T4 and T1-T2, respectively. These widths increase through time, with the largest changes occurring between the Fallen Angel B and Fox Canyon samples, with the presumed O. sawrockensis to O. poaphagus speciation event. Measurement V34, representing the inverse of the depth of BRA3, decreased during the study period, in two primary bouts, once from Fallen Angel B to Fox Canyon and again from Deer Park to Paloma ( Fig. 5 ; Table 1 ). The initial decrease in this measurement, and increase in the depth of BRA3, is correlated with the loss of the enamel atoll from the anteroconid. Using all measurements, three major groups of samples are identified by the Hierarchical Cluster Analysis (HCA) in Fig. 6 . Two of these groups can be considered to represent O. sawrockensis and O. poaphagus, with the sample from Paloma as an interesting outlier within O. poaphagus. For reasons that will be made clear below, we consider the Saw Rock Canyon and Fallen Angel B samples to represent O. sawrockensis and later samples, from Fox Canyon onwards, O. poaphagus. Consequently, we collapsed the SRC and FAB samples into one larger sample and all of the O. poaphagus specimens used for the ANOVA (FC and later) into another. We then ran Student's t-tests on the combined samples. Results from this analysis recognized more significant variables than in the ANOVA, as follows: V1, V2, V4A, V6, V24, V31, V33, V34, V35, RAL, and IAT4T5. We interpret these results as identifying some of the characters (autapomorphies) that define the two species. Most of these imply that O. sawrockensis was a smaller animal with a relatively shorter acd, more symmetrical triangles, wider dentine field in the acd between LRA4 and BRA3, and narrower dentine fields between T1-T2 and T3-T4. Some of these features that help define the shape of the acd in O. sawrockensis are correlated with presence of the enamel atoll, which is absent in the vast majority of O. poaphagus.
Add i t io n al d ata a nd a s u mma r y o f va ria ti on in t he Meade Ba s in O gmo d on to my s:
For this section of the study our intention was to synthesize the available information on Ogmodontomys that we have been collecting and analyzing for a number of years. Some of this information is published or in press (SIEFKER & MARTIN 2004; MARCOLINI et al. 2006; MARTIN et al. 2006; in press b), but some is new. For example, there are a few assemblages for which we know the stratigraphic position, but which had less than five adult m1s. We decided to omit those from the statistical analyses above, but to include them (for the measurements V6 and V34 only) here for completeness (Table 2) . We also include summary data (Table 3 ) and summary illustrations (Fig. 7) for the linea sinuosa from some samples that were not available at the time the earlier analyses on this feature were done MARTIN et al. in press b) .
The collective data from Fig. 7 demonstrate a complex pattern of variation with a variety of influences, including (presumed) speciation and phyletic (intraspecific) change, the latter including some directional tendencies. Stasis is also apparent for many measurements and features. The most dramatic changes in m1 occlusal morphology occur predominantly during the transition from O. sawrockensis to O. poaphagus, as noted above, and correspond to the loss of the enamel atoll from the anteroconid. Also, the depth of BRA3 increases in two pulses, once at the O. sawrockensis to O. poaphagus transition and again within O. poa- The Schmelzmuster of trailing triangle edges on M1 is predominantly radial in both the O. sawrockensis (SRC, FAB) and earliest O. poaphagus (FC) samples. Tangential enamel is added, as a band comprising about 40 % of the total trailing edge width in the sample from Ripley B. The quality of that band continues to increase on both T1 and T2 through time. This change is relatively gradual and conforms to a pattern of phyletic change. The experimentation of Schmelzmuster prior to Ripley is more complex. The Fallen Angel B population demonstrated more than 50 % of M1s with discrete (primitive) lamellar enamel, but this prism morphology never developed further in Ogmodontomys, either in the Meade Basin or in Indiana in an Early Pliocene sister species, O. pipecreekensis ). Thus, we can identify two shifts in early Schmelzmuster pattern; the first represented by the "extinction" of discrete lamellar enamel and its replacement by radial enamel in the Fox Canyon population, and another represented by the appearance of a distinct tangential layer.
Variation of body mass in Ogmodontomys displays an interesting oscillation. Average m1 values listed in Appendix II and Table 2 were converted to mass units following MARTIN's (1996) equation relating m1 length (L) to body mass (W), as follows: W = 0.71L 3.59 (1) In Fig. 7 we see a gradual increase from Saw Rock Canyon to Wiens/Newt, from almost 31 g to about 53 g, a 73% change. After this point of maximum size, the trend reverses, ending with the Paloma population averaging about 37 g. The Hornet sample is small, and the displacement in size from Wiens/Newt may be an artefact of sampling. Nevertheless, the overall pattern of change is clear. Significant size change is embedded within an overall pattern of stasis, and these size changes do not follow the pattern of changes in m1 occlusal or M1 Schmelzmuster evolution.
Discussion
T he n u mb e r of Og mod o n tomy s s p e c ie s i n the Mead e Basin: The patterns of change seen in all characters taken collectively would suggest that we have collected samples from a single evolving entity, despite the overall lack of coordination between the evolving systems. However, the presence of discrete lamellar enamel in some M1s from Fallen Angel B and none in the sample from Fox Canyon shows conclusively that the Fallen Angel B population cannot be ancestral to that from Fox Canyon. Clearly, if these localities were superposed in the same outcrop we would be forced to conclude that the population from Fallen Angel B became locally extinct and was replaced by the population from Fox Canyon. A speciation event would be indicated, and the Fox Canyon population would likely be an immigrant. That very well may be what happened in the Meade Basin about 4.4 Ma, and for now we will accept the integrity of the two species; O. sawrockensis, from beneath the Bishop gravel, and O. poaphagus, from the top of the Bishop gravel and higher (younger) sediments. Unfortunately, the story cannot be told with that much certainty, because the sediments containing the O. sawrockensis are found in Saw Rock and related canyons on the south side of the Cimarron River (Fig. 2) , whereas the earliest O. poaphagus from Fox Canyon are located on the north side of the Cimarron River. Residual gravels abound throughout Meade County, testifying that the ancient Cimarron River meandered through the region before settling into its current course. Consequently, it is conceivable that the Fox Canyon population of O. poaphagus evolved from a population of O. sawrockensis without lamellar enamel on the north side of the Cimarron, which would identify the Fallen Angel B sample as simply a population variant that went extinct on the south side of the river. No cladogenesis would be indicated, and the history of morphological and size change of Ogmodontomys in the Meade Basin could be best described as a complex pattern of episodic phyletic change. We examined the Schmelzmuster of two molars of O. poaphagus (an M1 and an m2) from XIT 1B, on the south side of the Cimarron River, which may be roughly equivalent to Ripley B from the north side, and found no lamellar enamel. The overall pattern of the two molars was equivalent to that of molars from Ripley B. Although this small sample proves nothing, it does establish that a sample of later O. poaphagus from the south side of the Cimarron River does not display lamellar enamel and therefore does not represent part of an evolving ghost lineage on the south side of the river that expressed lamellar enamel from Fallen Angel B time onwards. Indirectly, this supports the concept of a speciation event and replacement by O. poaphagus. Nevertheless, we remain concerned that the strictest test for cladogenesis, namely the synchronous occurrence of ancestor and descendant species, has not yet been satisfied. Part of the problem is that there are no nearby basins with similar fossil records that might be used to test our conclusions. We also understand the potential for circular reasoning here; using the loss of the enamel atoll as indication of a speciation event and then stating that the most significant change occurred during a speciation event. That is the reason we have placed so much emphasis on the discrete lamellar enamel in the FAB sample. If our interpretation of Schmelzmuster evolution is correct, then the FAB population cannot be ancestral to that from FC. All of the multivariate analyses recognize two morphological clusters. Without the "smoking gun" of contemporaneity, we are not likely to get a much clearer signal for a speciation event, and that is our current evaluation of the available data.
Evolutionar y patter ns: As noted above, the significant changes in m1 morphology and schmelzmuster pattern display mosaic evolution; that is, they are somewhat uncoordinated in time (BARNOSKY 1993; MARTIN & BARNOSKY 1993; MEZZABOTTA & MASINI 1996) . The most significant changes in m1 morphology, coincident with the loss of the enamel atoll and increase in depth of BRA3, occur during the presumed speciation event from O. sawrockensis to O. poaphagus. Depth of the dentine field between T3-T4 also widens significantly at this time, and there is a distinct shift in Schmelzmuster pattern, with loss of the discrete lamellar layer and addition of incipient tangential enamel. Although Fourier Analysis of the linea sinuosa pattern displayed distinct clusters coincident with O. sawrockensis and O. poaphagus ), a more refined study (MARTIN et al. in press b) showed that peaks 1 and 2 of the linea sinuosa became higher and more symmetrical within O. poaphagus and the anterior height of peak 3 increased gradually through the Pliocene, with its most rapid change between RR2A and PAL. V34, the depth of BRA3, also shows a significant change at this time.
Body mass presumably tracks climatic changes more than other variables, and is also considered to be the most labile of the measured characters. Our data on m1 length, when converted to body mass units, display significant size change within an overall pattern of stasis (Fig. 7) . The directional trend of increased mass from SRC through W/NLS is considered to be a response to greater seasonality and, especially, colder winters. This is supported by the rarity of cotton rats from FAB and Ripley, and their absence from Wiens and Newt . Cotton rats return again in the Hornet l.f., where we see small average size Ogmodontomys. Ogmodontomys then becomes smaller through the late Blancan, when Sigmodon minor reaches its highest densities in Meade Basin fossil assemblages.
Results from this study support almost all published evolutionary tempos and modes. Significant character change occurs associated with a presumed rapid speciation event (punctuated equilibrium), other characters change gradually (phyletic gradualism) and a couple display rapid intraspecific shifts (the "punctuated gradualism" of MALMGREN et al. 1983; or "stairstep" evolution of MARTIN & BARNOSKY 1993) . The model of punctuated equilibrium by ELDREDGE & GOULD (1972) and GOULD & ELDREDGE (1993) proposes that most significant character change in the history of a species takes place during its speciation event, estimated to be < 5 % of its lifespan. According to this model morphological or size shifts after this time represent oscillations around a grand mean (the equilibrium). We certainly see significant morphological change associated with the O. sawrockensis -O. poaphagus speciation event. The addition of tangential enamel on the triangle edges, which occurs in an "all or nothing" manner comprising on average about 40 % of an edge width , occurred from FAB to FC time. This is also arguably the time during which the most significant morphological changes occurred, in loss of the enamel atoll and its concomitant proportional (shape) changes (e. g., V34) and increased width of the dentine fields between triangles (V31, V35). Eight measurements on the m1 showed no significant breaks, indicating statistical stasis, and body mass, though including at least one significant difference, also demonstrated an overall pattern of stasis. However, other changes of a directional nature, in shape as well as in the Schmelzmuster, occured within O. poaphagus. The quality of the Schmelzmuster on M1 increased; on m1 the depth of BRA3 (V34) increased, and a significant increase in peak height was recorded in the linea sinuosa. While these data refute the strictest interpretation of the punctuational model (i.e., no significant intraspecific change), we conclude that they do, in general, support the primary tenet of the punctuated equilibrium hypothesis; namely that the most significant evolutionary changes occur during speciation events.
Description of measurements (illustrated in Fig. 3 ) Measurements of length (along the anterior-posterior [a-p] axis): V3A: a length of the posterior part of m1 V4A: a length of the posterior part of m1 V6: total length Measurements of width: V1: width of the lingual part of the tooth (orthogonal to the a-p axis) V2: total width (orthogonal to the a-p axis) V21: width across T4-T5 V24: width of the buccal section of T4-T5 V26: width across T2 V27: width across T2-T3 Measurements of dentine fields: V31: distance between the mesial (internal) enamel border of LRA3 and the mesial enamel border of BRA2. Width of the dentine isthmus between T3 and T4 (T4 on the acd) V33: distance from the mesial enamel border of LRA4 to the a-p axis V34: distance from the mesial enamel border of BRA3 to the a-p axis V35: distance between the mesial enamel border of LRA2 and the mesial enamel border of BRA1. Width of the dentine isthmus between T1-T2 Indices: RAL: (V6-V3A)/V6*100 the relative length of the anterior part of m1 IAT2T3: V26/V27*100 the relative symmetry of T2 and T3 IAT4T5: V24/V21 *100 the relative symmetry of T4 and T5 LW: V6/V2 a length/width ratio (width across T1-T2)
Appendix II
Descriptive statistics for measurements taken on the occlusal surface of Ogmodontomys m1s. 
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